Anxa2 is the most studied member of the calcium-mediated phospholipid-binding protein family annexins and is a biomarker in cancers. In this review, we listed clinical findings and confirmed the value of Anxa2 in early diagnosis and prognostic prediction due to its overexpression and adverse effect on the outcome in most tumors. Anxa2 plays a pivotal role in cancer cell proliferation, migration, invasion, metastasis, and treatment resistance. Improved understanding of its cancer-promoting function might make it an ideal target for cancer therapy. Here, we systematically summarized the mechanism of Anxa2 in regulating epithelialmesenchymal transition (EMT), cytoskeleton dynamicity, cell cycle, apoptosis, angiogenesis, and immunology by using various tumor models. These data emphasize the potential of Anxa2 for targeted intervention in tumors. Altering Anxa2 expression, neutralizing the cell surface Anxa2, or inhibiting its activation, such as through Tyr23 phosphorylation, could be considered based on the regulatory mechanism of Anxa2 in tumor progression.
Introduction
The 36KD calcium-mediated protein Anxa2 is a member of the phospholipid-binding protein family annexins, which comprise a highly conserved C terminal domain with binding sites to calcium, negatively charged phospholipid, heparin, and F-actin, and a variable N terminal domain that is unique to each annexin. As the most studied member, the aminoterminal domain of Anxa2 contains S100A10 and t-PA binding sites, and post-transcriptional modification sites, including three important phosphorylation sites, that are crucial to its biological function 1, 2 . Anxa2 is implicated in several pivotal cellular processes, such as cell proliferation, cell adhesion, cell motility, angiogenesis, and endocytosis. This protein abundantly expressed in various types of tumor, and thus is proposed as a potential marker for cancers 3, 4 . Its critical role in cancer progression is involved in the complicated pathways of cancer cell invasion, metastasis, and treatment resistance. Further exploration of Anxa2 mechanisms in cancer progression might help establish it as an effective intervention and an ideal therapeutic target for certain cancers. In this review, we presented clinical evidence on the value of Anxa2 as a biomarker for cancer diagnosis and prognostic prediction and highlighted its molecular mechanism in promoting cancer progression. This article helps develop new insights into the intervention targets in cancers.
Diagnostic and prognostic value of Anxa2 in various types of cancer
The expression and prognostic effect of Anxa2 depend on the tumor type. In most cancers, Anxa2 overexpression indicates a poor outcome. A meta-analysis of 2321 patients with malignant tumors from 15 clinical studies showed that its elevated expression is correlated with poor prognosis in terms of overall survival rate (OS; HR = 1.56, 95% CI = 1.24 -1.97, P < 0.001) and disease-free survival rate (DFS; HR = 1.47, 95% CI = 1.18 -1.83, P < 0.001) 5 . This result indicates the overall adverse prognostic value and the progressionpromoting role of Anxa2 in malignant tumors. The clinical significance of Anxa2 in cancers is summarized in Table 1 . 
Breast cancer
We previously detected the higher elevated expression of Anxa2 mRNA in primary breast carcinoma than in normal breast tissues and the positive correlation of Anxa2 mRNA expression with lymph node metastasis 6 . At the protein level, immunohistochemistry (IHC) results show the consistently increased Anxa2 expression in cancer tissues 7 and the advanced pathological stage and high histological grade in Anxa2 highexpression group 8 . Survival analysis reveals substantially poor OS and DFS in patients with high Anxa2 expression 8 . Anxa2 could also be a secretory biomarker in the plasma samples of patients with breast cancer and thus is valuable for early diagnosis 9, 10 . The triple negative (ER, PR, and HER2 negative) breast cancer (TNBC) is the most aggressive type usually detected with upregulated EGFR expression, and Anxa2 is reversely correlated with hormone receptors 11 and HER2 expression 12 but positively related with EGFR expression in breast cancer tissues 8 . In conformance with the clinical data, collective studies verified higher Anxa2 upregulation in highly aggressive breast cancer cell types, especially in TNBC cell lines, than in less aggressive types 8, 12, 13 .
Gynecologic tumors
Analysis based on the public ovarian cancer database reveals that the high Anxa2 mRNA level in stage III serous ovarian cancers is associated with reduced progression-free survival (PFS) and OS, and the strong stromal Anxa2 immunostaining in tissue samples is consistently and substantially associated with poor outcomes. Multivariate Cox regression identified stromal Anxa2 expression as an independent risk factor of OS 14 . In epithelial ovarian cancer (EOC) tissues, Western blotting and IHC show that Anxa2 overexpression increases with the intensifying pathological features. By contrast, Anxa2 has a reverse effect on EOC outcome and is an independent risk factor for prognosis according to multivariate analysis 15 . IHC results revealed remarkably high Anxa2 expression in cancer tissues of endometrial carcinoma, and the expression level is positively correlated with FIGO stage, differentiation degree, and myometrial and lymph node invasion. Anxa2 is also an independent prognostic indicator for endometrial cancer 16 . Bioinformatics and proteomic approaches have been performed to determine an accurate model for lymph node invasion prediction and avoid the radical surgery in lymph nodes of patients with negative primary endometrial cancer; these methods revealed Anxa2 upregulation as a predictive factor in lymph metastasis endometrial cancer tissues 17 . Approximately 20% of patients with endometrial cancer die of recurrence, and a retrospective study in a cohort of 93 patients reported that Anxa2 effectively predicts disease recurrence, highlighting its clinical utility as a biomarker in endometrial cancer 18 .
Proteomic analysis identified Anxa2 as an up-regulated protein in squamous cervical cancer 19 . A study involving 336 cervical cancer cases showed a prominent Anxa2 expression in squamous cell carcinoma tissues that is positively correlated with advanced cancer phenotypes with high stage and large-sized tumors, lymphovascular space invasion, stromal invasion depth, lymph node metastasis, and parametrial involvement; the patients in high Anxa2 expression group have poor DFS and OS 20 . Moreover, the patients with cervical cancer and high Anxa2 expression have resistance to cisplatin-based neoadjuvant chemotherapy, confirming Anxa2 expression as an independent prognostic factor for decreased PFS 21 .
Digestive system tumors
The adverse effects of Anxa2 were mainly discovered in pancreatic ductal adenocarcinoma (PDA). The expression rate of Anxa2 is high in PDA tissues and increases in the highly aggressive tumor types 22 . Its overexpression in PDA cells is substantially correlated with distant metastasis, hematogenous/peritoneal recurrence, and worse outcome for patients 23 . High stromal Anxa2 expression rate (more than 80%) is remarkably related to reduced DFS and OS of patients with PDA, and is the only independent prognostic marker established by multivariate analysis 24 . Furthermore, high Anxa2 expression level predicts the rapid recurrence of PDA in patients who receive gemcitabine adjuvant chemotherapy 25 .
Anxa2 is overexpressed at mRNA and protein levels in gastric adenocarcinoma, and substantially correlated with lymph node and distant metastasis 26 . This consistent result is confirmed by another IHC exploration, which stated that Anxa2 expression rate is increased in gastric cancer tissues compared with that in adjacent tissues and is related to large tumor size, poor histological differentiation, and lymph node invasion 27 .
In hepatocellular carcinoma (HCC), Anxa2 is overexpressed at transcriptional and translational levels in tumor tissues and is barely detected in normal human liver or chronic hepatitis liver tissues. Moreover, Anxa2 is tyrosine-phosphorylated in HCC and is related to high histological grade, suggesting that phosphorylated Anxa2 is the effective form 28, 29 . Anxa2 expression is remarkably increased in the serum of patients with HCC and has high titer in early stage and AFP-negative patients, indicating its value in early diagnosis, especially in AFP normal HCC 30 . This protein also has adverse effects on the prognosis of patients with HCC and is an independent prognostic factor for OS and RFS 31 .
Similar results were found in colorectal cancer (CRC). IHC analysis revealed that Anxa2 has elevated expression in CRC tissues, is correlated with tumor size, depth of invasion, pTNM stage, and thus is identified an independent factor of poor outcome of patients with CRC 32, 33 . Proteomic approach showed that Anxa2 increases CRC lymph node invasion 34 .
Lung cancer
Non-small cell lung cancers (NSCLCs) constitute 80% of lung cancers. A cohort study for 72 cases showed Anxa2 overexpression in NSCLC tissues, especially in lymph node invasion cases, and the patients with high Anxa2 expression level have poor OS 35 . Prognostic analysis using a large online database from 1926 lung adenocarcinoma cases confirmed the negative prognostic value of Anxa2 mRNA expression 36 . Proteomic study identified Anxa2 as a substantially increased protein in squamous carcinomas 37 . Platinum, particularly cisplatin (DDP)-based chemotherapy, is an important treatment for patients with NSCLC. Among the patients with NSCLC who receive DDP-based chemotherapy, those with elevated Anxa2 expression have shorter OS compared with those with low Anxa2 expression, suggesting that Anxa2 plays a role in DDP resistance 36 .
Head and neck tumors
IHC staining on a series of 89 glioma cases disclosed that Anxa2 expression is higher in the most aggressive type, glioblastoma multiforme (GBM), than in the less aggressive tumors. Patients with high Anxa2 score have decreased PFS and OS, particularly in GBM, and the Anxa2 IHC score is an independent prognostic factor for PFS. The analysis based on 710 cases public database validated the consistent prognostic potential of Anxa2 at the mRNA level 38 . Another 130-case IHC study revealed higher Anxa2 protein levels in glioma tissues than in the normal brain samples and the same adverse prognostic function of Anxa2 on the survival of glioma patients 39 . Pseudogenes influence human cancer progression 40 . Anxa2 and its pseudogenes, Anxa2P1, Anxa2P2, and Anxa2P3, are remarkably upregulated in glioblastoma based on the analysis of GSE4290 and TCGA database and then validated in tissues by qRT-PCR. Anxa2, Anxa2P1, and Anxa2P2 are the independent risk factors of glioblastoma prognosis 41 . In pediatric neuroblastoma, strong Anxa2 expression is closely related to increased chemo cycles, tumor metastasis and poor survival, indicating the effect of Anxa2 in drug resistance 42 .
Oral squamous cell carcinoma (OSCC) accounts for more than 90% of oral cancer with more than 60% of patients at an advanced stage disease 43 . An oral cancer screening program in Taiwan collected 460 saliva samples from healthy, potential oral malignant disorder and OSCC subjects, and identified a four-protein panel with high sensitivity and specificity for early diagnosis of OSCCs; Anxa2 is included with high expression level 44 . The Anxa2 level in the serum of patients with OSCC is also higher than that in benign and healthy controls, and the patients in high Anxa2 level OSCC group have poor OS 45 . IHC detection revealed elevated Anxa2 expression in OSCC tissues, but its expression level is negatively correlated with the differentiation grades 46, 47 .
Anxa2 was studied using differential proteomics and verified by IHC staining as a substantially upregulated protein in laryngeal carcinoma tissues compared with that in adjacent tissues, and the strong Anxa2 expression is highly correlated with aggressive pathological features and poor diagnosis 48 .
Nasopharyngeal carcinoma (NPC) is a high-risk head and neck cancer in Southeast China and Asia 49 . The NPC patients with high Anxa2 staining score have high metastasis rate and poor OS, and Anxa2 enhances the chemoradiotherapy resistance 50 .
Genitourinary system tumors
Renal cell carcinoma (RCC) is the most common renal tumor. Anxa2 is significantly elevated in RCC tissues compared with that in normal renal tissues 51 . Its expression rate is higher in metastasis clear-cell RCC (ccRCC) than in primary ccRCC, and the ccRCC patients with positive Anxa2 expression have a low 5-year metastasis-free rate 52 , suggesting the role of Anxa2 in RCC progression.
A study exploring the bladder cancer drug resistance mechanism detected high Anxa2 expression in short-term recurrence group and its association with the invasion depth of cancer 53 .
The expression level of Anxa2 in prostate cancer (PC) seems contrary to that in other cancers. Anxa2 downregulated in PC tissues and indicates good OS of patients with PC 54, 55 . However, a study reported 100% relapse in Anxa2positive patients with PC, but only 50% relapse in Anxa2negative patients, and Anxa2 is mostly located in the cytoplasm of PC cells and in the plasma membrane of benign prostatic tissues 56 . Another study showed that Anxa2 is lost in moderately differentiated adenocarcinoma but retained in poorly differentiated adenocarcinomas, suggesting a complex regulation of AnxA2 in the prostate microenvironment 57 . Anxa2 also plays a key role in the bone metastasis of PC in animal models 58, 59 . Therefore, the function of Anxa2 in PC needs further exploration.
Hematologic tumors
Bleeding could be the fatal complication in acute promyelocytic leukemia (APL), and Anxa2 is expressed at an abnormally high level in APL cells leading to hemorrhagic disorders 60 . In a research including 103 patients with acute myelogenous leukemia (AML) receiving As 2 O 3 treatment, the Anxa2 protein expression level in leukemic cells was monitored by flow cytometry. The results indicate that As 2 O 3 may reduce hyperfibrinolysis by downregulating Anxa2, which therefore could be a biomarker 61 .
MLL-rearranged infant acute lymphoblastic leukemia (ALL) (< 1 year of age) is frequently resistant to glucocorticoids. Gene-expression signature analysis through comparison of gene-expression profiles from prednisoloneresistant and -sensitive patients showed highly different Anxa2 gene expression. In addition, Anxa2 is overexpressed at the mRNA, protein, and phosphorylation levels in prednisolone-resistant MLL-rearranged ALL cells 62 .
Novel insights on the mechanism of Anxa2 in promoting cancer progression Anxa2 plays a critical role in EMT in various cancers
In the past two decades, epithelial-mesenchymal transition (EMT) has been illustrated as a key mechanism of metastasis in multiple cancer models. During EMT, stationary epithelial cells lose polarity with cell-cell junctions and acquire a mesenchymal morphology and the ability to migrate and invade 63, 64 . We previously reported the negative correlation of Anxa2 and E-cadherin expression in breast cancer tissues, and the loss of E-cadherin is a fundamental event in EMT. We revealed that Anxa2 enhances STAT3 transcriptional activity by directly binding to it, increases the EMT driver Slug expression, and promotes EGF-induced EMT in breast cancer cells. The 23-tyrosine phosphorylation of Anxa2 is required for the EGF induced EMT model 8 . Circulating tumor cells (CTCs) are responsible for tumor dissemination, and Anxa2 stromal expression in tissues is related to CTCs with EMT phenotype in primary breast cancer patients, indicating that Anxa2 may play a role in EMT CTCs release 11 . Another evidence that Anxa2 regulates EGF-induced EMT is reported in CaSki cervical cancer cells, in which the viability and migration of the cells are elevated 65 .
The 23-tyrosine phosphorylation is essential for the cell-surface location of Anxa2, and mediates transforming growth factor β (TGFβ)-induced EMT in PDA cells through a Rho-mediated way 66 . Tenascin C (TNC) is one of the major extracellular matrix (ECM) components that can promote cancer cell invasion and metastasis. This protein directly binds to Anxa2 in PDA cells, and their interaction drives EMT in the pre-invasive pancreatic intraepithelial neoplasia (PanIN) cells and I, thereby inducing metastasis 23 .
IHC analysis revealed the negative correlation between Anxa2 and E-cadherin expression in CRC samples, especially in metastatic tumors. Silencing of Anxa2 expression inhibits TGFβ-induced EMT of CRC cells, and Anxa2 plays its mediating role through the Src/Anxa2/STAT3 signal pathway 33 . Anxa2 knock-down blocks TGFβ-induced Snail/Twist elevation and inhibits EMT in NPC cells, thus, reducing cell invasion, migration, and radio-chemoresistance. These data confirm Anxa2 as a possible target of therapeutic intervention for NPC 50 .
In ovarian cancer cells, Anxa2 downregulation suppresses β-catenin expression and consequently inhibits EMT and, attenuates the proliferation and invasion of cancer cells 67 .
Anxa2 also activates Wnt/β-catenin pathway in HCC cells. The long noncoding RNA IncRNA-MUF binds to Anxa2, then activates Wnt/β-catenin signaling and finally mediates EMT development in HCC cells 68 .
Proteomic analysis identified Anxa2 elevation in cancerassociated fibroblasts (CAFs) inducing tyrosine kinase inhibitors resistance in NSCLCs. CAFs secret growth factor HGF and IGF-1, increase the expression and tyrosine phosphorylation of Anxa2, and induce EMT and resistance to gefitinib of NSCLC cells 69 . Another research reported that Anxa2 increases the expression of an EMT-driver transcription factor, Snail, and then enhances NSCLC cell EMT and invasion by inhibiting p53 expression and its signaling 35 .
Anxa2 is a pivotal link in plasmin system and angiogenesis in tumors
ECM degradation is a key event of adjacent invasion of tumor cells into normal host tissues that promotes cellular migration, and is regulated by different proteolytic enzymes 70 . Among the proteases in this process, plasminogen/plasmin system plays an active role. Plasminogen is activated by plasminogen activators (PA) into plasmin, which facilitates the proteolytic cascade reaction, including the activation of matrix metalloproteases (MMPs), and leads to ECM and basement membrane (BM) degradation 71 . The degradation of ECM and BM is also a critical step in the initiation of angiogenesis, and angiogenic regulators sequestered in the matrix, such as vascular endothelial growth factor (VEGF), are released after ECM degradation by MMPs 72, 73 . Published reports strongly support the effect of plasmin system in cancer neoangiogenesis, invasion and metastasis 71 .
Annexin A2 can exist as a heterotetrameric complex with S100A10 (p11) which is referred as Anxa2t and is an essential mediator in plasmin activation. On the cell membrane especially on the vascular endothelial cells (ECs), Anxa2 is associated with S100A10 through its N-terminal tail binding to the C-terminal region of the S100A10 74 . Anxa2 transports and anchors S100A10 to the extracellular surface of the plasma membrane, forms the Anxa2t as a receptor to plasminogen, PA, and tissue PA (tPA), and consequently stimulates the tPA-dependent conversion of plasminogen to plasmin 2 . Anxa2 exists as a monomeric form in the cytoplasm, and its binding to S100A10 leads to the translocation of the complex to the inner leaflet of the cells 75 . However, the exact mechanism of the Anxa2t translocation to the surface of the cytomembrane remains unclear. Several studies showed that the 23-tyrosine phosphorylation of Anxa2 is required for Anxa2 translocation 76, 77 . Anxa2t has been illustrated to play a role in inflammation by recruiting macrophages and releasing inflammatory cytokines such as IL-1, IL-6 and tumor necrosis factor α (TNFα) 78 .
The plasminogen/plasmin system regulates angiogenesis and promotes breast cancer progression 79 . IHC analysis of breast cancer samples revealed heightened Anxa2 staining in ECs, tumor cells, and perivascular stromal cells 7 , and the expression of Anxa2 on the surface of the cancer cells is positively correlated with the secretion of tPA and the expression and location of neovascular biomarker CD105 13 . An in vitro study showed much higher expression level of Anxa2 in aggressive breast cancer MDA-MB-231 cell lines compared with that in noninvasive MCF-7 cell lines. Anxa2 is required in the conversion of plasminogen to plasmin in MDA-MB-231 cells and promotes cellular invasion and migration, whereas MCF-7 cells fail to convert plasminogen to plasmin 7 . Inhibition of Anxa2 using anti-Anxa2 antibody blocks the angiogenesis on 3D matrigel cultures by eliciting EC death due to apoptosis. In a xenograft model, the anti-Anxa2 antibody inhibits the growth of human breast tumor at least partly by attenuating the neoangiogenic activity of the tumor 80 . Tumor-derived exosomes can promote tumor growth, metastasis and drug resistance. Proteomic research indicated that Anxa2 is abundant in the exosomes 81 . In vitro endothelial tube formation assay, endothelial cell migration and invasion study, and in vivo matrigel plug assay using mouse model, produced consistent results that exosomal-Anxa2 promotes angiogenesis. Further investigation revealed that exosomal-Anxa2 acts as the cell surface Anxa2 through the activation of plasminogen in a tPA dependent manner 82 .
Anxa2 is overexpressed in high-grade human gliomas and tumor cells surrounding dilated vessels in glioblastoma tissues 83 . This protein also promotes glioma progression by enhancing angiogenesis in the animal model. In the glioma mouse model, the knockdown of Anxa2 by siRNA decreases blood vessel density within the tumor, alters the tumor vascular pattern and blocks tumor growth 84 . Another rat xenograft model using two glioma cell lines with different expression levels of Anxa2 exhibited greater tumor angiogenesis in the high-Anxa2 expression group than in the low-Anxa2 expression group. Anxa2 silencing in high-Anxa2 expression cells decreases the angiogenic activity, whereas Anxa2 overexpression in low-Anxa2 expression cells increases the angiogenesis 83 .
In APL, Anxa2 is explored at an abnormally high expression level and increases the production of plasmin leading to hyperfibrinolysis and bleeding. Anxa2 knockdown reduces tPA-dependent plasmin production, whereas its upregulation stimulates plasmin generation 85 . Another report showed that promyelocytic leukemia/retinoic acid receptor α fusion protein increases Anxa2 transcription and accumulation of S100A10, thus consequently promoting plasmin generation and invasive potential 86 .
In addition to binding to S100A10, Anxa2 also forms a complex with S100A4, another member of S100 family, and plays a similar role to Anxa2t in facilitating the tPAdependent plasmin activation on the EC surface 87 . S100A4 is upregulated in cancer cells and affects pro-angiogenesis during tumor progression and, therefore, may be a substitutional protein for S100A10 as the binding partner of Anxa2 under certain circumstances 88, 89 .
Cell surface Anxa2 is also a receptor for angiostatin 90 , which inhibits neovascularization and angiogenesisdependent tumor growth and metastasis 91, 92 and regulates plasminogen activation by competitively binding to Anxa2. These data suggest Anxa2 as a crucial link in the regulation of plasmin system, angiogenesis, and tumor progression.
Crucial functions of Anxa2 on the dynamics of cytoskeleton and tumor cell motility
Dynamic remodeling of the actin cytoskeleton is essential for tumor cell spreading, migration, adhesion, and membrane traffic system, such as endocytosis and phagocytosis 1 . Monomeric Anxa2 may regulate the growth of newly formed actin filament by capping the growing free-barbed end of the filament, and can interact with G-actin 93, 94 . Anxa2t binds to bundle filamentous actin (F-actin) through the C-terminal of Anxa2 95 , and this binding capability is decreased by the Tyr23 phosphorylation of Anxa2 93 . The binding of Anxa2 to actin requires calcium mediation 94, 96 . Anxa2 plays a critical role in maintaining the plasticity of the dynamic membrane actin cytoskeleton.
In endocytosis, Anxa2 is present in clathrin-coasted vesicles (CCV), the basic unit in the first step of endocytosis 97 . This protein is associated with early endosomes and affects their location by binding to cholesterol-rich domains without S100A10 interaction 98 . Moreover, Anxa2 helps late endosomes to mature 99 . Invagination of CCV needs a burst of actin polymerization, and actin remodeling is required in early and late endosomes. Anxa2 mediates these structures by regulating actin rearrangement 100, 101 . Tyr23 phosphorylation is necessary for endosome transportation and early-to-late endosome maturation 99 . In phagocytosis, Anxa2 accumulates on the actin-rich phagosomes during outer segment internalization, and its regulatory form is Tyr23-phosphorylated Anxa2 102 . A study that screened 172 endocytosis and actin regulators identified Anxa2 as the mediator of EGFR endocytosis in TNBC cells, that facilitates EFGR endocytosis by inactivating actin severing protein cofilin 103 . Although this article explored the negative function of Anxa2 in EGFR signaling and cell metastasis as opposed to other articles, it suggests the novel function of Anxa2 in cancer progression by regulating membrane traffic. High-risk human papillomaviruses (HPVs) are closely associated with several cancers, and Anxa2t is crucial for oncogenic HPV endocytosis, capsid disassembly, and virion degradation prevention. Anxa2 forms a complex with the HPV trafficking mediator CD63 104 , and the small molecular inhibitors of Anxa2t block 100% of the high oncogenic HPV16 infection mainly by blocking the entry of the virus into epithelial cells 105 .
Anxa2 also recruits and regulates Rho GTPases and subsequently controls actin remodeling and cell to cell adhesion 106 . Tyr23 Phosphorylation results in Anxa2 accumulation in actin remodeling sites and triggers the Rho/ROCK signaling, leading to cell detachment and migration 107 . Another study found that Tyr23phosphorylated Anxa2 controls the activation of cofilin and enhances cell scattering and branching morphogenesis 108 . Anxa2 is overexpressed in HCC cells. Its depletion blocks the expression of F-actin, β-tubulin, and Lamin B, inhibits cell pseudopodia/filopodia formation, and suppresses HCC cell motility 109 . A similar phenomenon was found in gastric cancer cells, in which F-actin and β-tubulin expression, pseudopodia/filopodia and cells motility are impaired after Anxa2 depletion 110 . Another study on HCC cell motility showed that Tyr23-phosphorylated Anxa2 mediates Rho/ROCK signaling and improves the amoeboid movement of HCC cells 111 . In addition, cell migration is partly a result of their link to ECM through focal adhesions, and the GBM cells with high Anxa2 expression exhibit focal adhesion-like structures in cytoskeletal fibers. The inhibition of Anxa2 leads to the redistribution of F-actin, complete loss of focal adhesions, and attenuation of GBM cell dissemination 38 .
Anxa2 also has an instrumental function in tumor cell cytomembrane repair. Tumor cells have unstable cytomembrane with reduced stiffness, which enhances their migrative and invasive abilities 112 . However, the elevated motility of metastatic cells increases the danger of cytomembrane damage; therefore, an enhanced cytomembrane repair is essential for cancer cell survival. The regulation of the cortical actin cytoskeleton is one of the fundamental mechanisms of membrane repair. Cortical actin is depolymerized around the wounded edges at the injury site to increase the membrane relaxation and prevent further damage on the cytomembrane 113 . Anxa2 and S100A11 accumulate at the repair site, thus allowing the buildup of new F-actin around the injury site; metastatic cancer cells enhance their cytomembrane repair by upregulating Anxa2 and S100A11 114, 115 .
Anxa2 regulates cell cycle and apoptosis and then enhances cancer cell proliferation
Anxa2 improves cancer cell proliferation in multiple types of cancer models 35, 38, 116, 117 . An early study found that its expression at mRNA or protein level changes during the cell cycle, and peaks during the S phase 118 . The periodic correlation of Anxa2 expression and cell cycle suggests its regulatory role in cell cycle. As a DNA binding and primer recognition protein, Anxa2 is involved in DNA replication and cell cycle progression [119] [120] [121] . Genotoxic agents can induce its nuclear accumulation whereas its depletion causes DNA repair-related genes to increase, indicating its mitigating role for DNA damage 122 . In tumors, Anxa2 silencing induces the gastric cancer SGC-7901 cell cycle arrest at G1 phase and reduces cell proliferation 110 . Similarly, in GBM cells, Anxa2 knockdown arrests the cell cycle at the S-G2/M phase and apparently impairs the GBM cell proliferation. Further gene ontology analysis showed that Anxa2 regulates the gene clustering in cell cycle, DNA replication, and chromosome segregation, indicating its modulatory function in GBM proliferation 38 .
Anxa2 is also an RNA binding protein that binds to the 3' UTR of the c-myc mRNA, leading to its perinuclear location and cytoskeleton association, and facilitates c-myc protein synthesis 123 . C-myc is a well-known proto-oncogene crucial to cell proliferation and apoptosis. We previously reported that Anxa2 upregulation in breast cancer MCF-7 cells increases S+G2/M phase cells and cell proliferation. The cell cycle related proteins, c-myc and cyclin D1, are markedly regulated by Anxa2 117 . Cyclin D1 is the downstream factor of c-myc and the critical regulator for G1 to S phase transition. In other two breast cancer cell lines, T47D and MDA-MB-231, Anxa2 downregulation attenuates cell proliferation and retards G1 to S phase transition. This finding is attributed to the decreased levels of cyclin D1. We also gave evidence that Anxa2 mediates cyclin D1 transcription by regulating the phosphorylation of the transcription factor STAT3 124 .
The tumor suppressor p53 is the main driver of stress response in human cells, that can elicit DNA repair, apoptosis, cell cycle arrest, and metabolic homeostasis maintenance 125, 126 . Anxa2 plays a role in p53 signaling pathway according to NSCLC studies. In NSCLC cell lines, Anxa2 silencing increases p53 expression, leads to cell cycle arrest at G2 phase, and inhibits cell proliferation 35 . In a further research in NSCLC cell models, the mechanism of Anxa2 regulating the p53 expression revealed that Anxa2 mediates c-Jun stabilization through the phosphorylated activation of JNK and the consequent suppression of p53 expression at a transcriptional level 127 . Knockdown of Anxa2 increases the lung cancer cell apoptosis, and apoptotic stimulation causes its cleavage 128 . A negative correlation exists between Anxa2 and p53 expression in human lung cancer cells, and alteration of Anxa2 expression levels affects the apoptosis induced by enhancing p53 expression 129 . In addition, Anxa2 is upregulated in cisplatin-resistant NSCLC cells and enhances the cisplatin induced cell apoptosis. The mechanism revealed that the expression of p53 and its downstream apoptotic genes, p21, GADD45 and BAX, are suppressed by Anxa2 through its activated role on JNK/c-Jun signaling 36 .
Anxa2 is involved in tumor immunology
Anxa2 is involved in both innate and adapt immunities. The complement system serves as an integral part of innate immunity and contributes to clearance of immune complexes and dying cells. Anxa2 has been demonstrated as the new ligand on apoptotic cells for C1q, the initiator of the classical complement pathway 130 . It is phosphorylated on serine residues by PKCs after T cell antigen receptor (TCR) stimulation, suggesting its potential role in signal transduction in lymphocytes 131 .
As to tumors, hypoxia could enhance the immune activity of lysates from murine glioma cells in glioblastoma vaccination model through danger-associated molecular pattern (DAMP), and Anxa2 monomer, which is overexpressed by murine glioma cells under low oxygen situation, has been identified as one DAMP. Anxa2 binds to toll-like receptor 2 (TLR2) on antigen presenting cell (APC) inducing murine and human dendritic cells (DC) maturation and increasing antigen cross-presentation by MHC class I molecules, then enhances the activation of CD8 + T cells. These data bring a novel approach to increase the efficiency of tumor vaccine in glioma using Anxa2 as an adjuvant 132 . Similar hypoxia-induced Anxa2 membrane expression in glioblastoma cell line is proved to activate γδ T cells. Anxa2 is the direct ligand of γδ TCR and mandatory for recognition of glioblastoma cells by γδ T cells and enhances the proliferation of γδ T cell subset in peripheral blood mononuclear cells. It could act as an oxidative stress signal for adaptive stress surveillance 133 . Besides, soluble Anxa2t is also a mediator of macrophage activation through TLR4, enhancing the secretion of inflammatory cytokines and phagocytosis 78, 134 . These data suggest the immunology mediation role of Anxa2 in tumor under some stress situation.
Anxa2 has also been reported to mediate immunology suppression in cancers. It is abundantly expressed in nasopharyngeal carcinoma (NPC), and is the ligand on NPC cells for DC-SIGN, a kind of C-type lectin receptor on DC. It activates DC-SIGN then inhibits DC maturation and IL-12 production, and promotes the immunosuppressive IL-10 production instead 135 . Besides the significant role of Anxa2 in oncogenic HPV infection through mediating the virus endocytosis and trafficking in epithelial cells 104 , Anxa2t also interacts with HPV16 then induces the suppression of the maturation of Langerhans cells (LC), the APC of the epithelium, which is manifested as attenuated secretion of Th1-associated cyokines and surface expression of MHC class II molecules 136 .
In a phase II study of a GM-CSF secreting whole cell PDA vaccine trial, Anxa2 was identified as the antigen by proteomics in patients who had post-vaccination cellular immune responses and prolonged DFS and OS. Meanwhile, IHC confirmed the elevated cell-surface Anxa2 expression in these patients. These data suggest that Anxa2 may serve as a new candidate for PDA tumor-associated antigen and biomarker for an immunologic target 66 .
Effect of Anxa2 in cancer treatment resistance and prospect of targeting Anxa2 in cancer
Some researchers have also confirmed the role of Anxa2 in the therapeutic resistance of cancers. Anxa2 is involved in the cisplatin and vincristine resistance in gastric cancer cells 137 . Mycoplasma membrane protein P37 can interact with Anxa2 of the HCC cells and induce mycoplasma-associated multidrug resistance of HCC 138 , and as mentioned above, Anxa2 mediates the cisplatin resistance in NSCLC via regulating p53 pathway 36 . Anxa2 also regulates NF-κB signaling as a study showed two ginsenosides inhibit the interaction between Anxa2 and NF-κB then increase the apoptosis in cancer cells 139 , and it is remarkably upregulated in chemo-resistant neuroblastoma cell lines and induces drug resistance through NF-κB activation and nuclear translocation 42 . EGFR expression is elevated in TNBC, but TNBC patients cannot benefit from EGFR-targeted therapy. Anxa2 mediates the tyrosine kinase inhibitor gefitinib resistance in breast cancer cells 140 . These data suggest that the treatment targeting Anxa2 could be a synergist in cancer therapy. Intervention targeting Anxa2 in tumors is anticipated. Some attempts using anti-Anxa2 antibody have shown the inhibitory effects in cancer models. Anti-Anxa2 antibody blocks the TNBC and Herceptin-resistance breast cancer cell proliferation and migration by impairing the EGFR signaling 141 . In the breast cancer xenograft mouse model, anti-Anxa2 antibody attenuates neoangiogenesis and inhibits the growth of tumor 80 . After long-term observation, treatments with anti-Anxa2 antibody show good control rates of the breast cancer growth and no detectable adverse effects in the pre-clinical mouse model 142 .
Conclusions
Based on the collective studies shown above, Anxa2 could be a good biomarker for early diagnosis of some cancers, because it can be easily detected as elevated in blood or saliva samples. It is very valuable in the prediction of cancer prognosis due to the high positive correlation of Anxa2 overexpression and the poor outcome of various cancers. In this review, we systematically summarized the mechanism of Anxa2 in regulating cancer cell proliferation, motility, migration, invasion and cancer angiogenesis and immunity, emphasizing its strong promoting function on cancer progression (Figure 1) . Although some studies showed good results of targeting Anxa2 in cancer in vitro or in animal models, no in vivo clinical trial targeting Anxa2 in human tumors has been reported by now. It needs further investigation to develop efficient interventions targeting Anxa2 and achieve the ideal antitumor effect for clinical use. Alteration of Anxa2 expression, neutralization of the cell surface Anxa2, or inhibition of its activation for example the Tyr23 phosphorylation, could be considered based on the regulatory functions of Anxa2 in tumors. 
